Research in contextEvidence before this studyCDKN2B-AS transcript levels are correlated with the severity of atherosclerosis. Blockade of CDKN2B gene expression advances the development of atherosclerotic plaques with large necrotic cores, in a mouse model of atherosclerosis. The knockdown of CDKN2B gene promotes lipid accumulation and accelerates atherosclerosis.Add value of this studyCDKN2B-AS1 can form an RNA-DNA triplex in the promoter region of CDKN2B, a mechanism underlying its association with the progression of atherosclerosis.Implications of all the available evidenceSilencing CDKN2B-AS1 inhibits atherosclerotic plaque formation and promotes mRCT in atherosclerosis by regulating CDKN2B promoter, which can be considered as a potential molecular target for atherosclerosis therapy.Alt-text: Unlabelled box

1. Introduction {#sec0001}
===============

Atherosclerosis is a chronic inflammatory disease of the arterial intima that typically occurs in older individuals affected by long-standing hypertension, dyslipidemia, and diabetes, and is also associated with adverse lifestyle factors such as high-fat diet and heavy smoking [@bib0001]. As the primary cause of coronary artery disease, peripheral vascular disease, heart attack, strokes and renal pathology, atherosclerosis is a leading cause of worldwide mortality and loss of human productivity [@bib0002]. Atherosclerosis is marked by dyslipidemia and an altered immune response, attributed to cholesterol-containing macrophages or 'foam cells' that accumulate within arterial walls \[[@bib0003],[@bib0004]\]. Macrophage reverse cholesterol transport (mRCT) refers to the transport of extra-hepatic cholesterol back to the liver for excretion from the body [@bib0005]. mRCT is shown to underlie the protective effects of high-density lipoproteins on atherosclerosis development [@bib0006]. The progression of atherosclerotic plaque growth is a chief cause driving its clinical complications [@bib0007]. At present, predominantly used medications to treat atherosclerosis are those that lower cholesterol levels, such as a combination of pravastatin and sarpogrelate [@bib0008] or medications that decrease blood coagulation, such as aspirin. More recently, nanomedicines have been considered as a promising therapeutic direction, but are however, beset by several challenges in successful clinical translation [@bib0009]. The pathological processes of the atherosclerosis progression via macrophages and endothelial cells involve the actions of multiple molecules and biological processes in concert [@bib0010]. In this context, long non-coding RNAs (lncRNAs) have received attention, considering their potential diagnostic and therapeutic value, but detailed biological mechanisms involved are yet not well elucidated \[[@bib0011], [@bib0012], [@bib0013]\]. Therefore, it is of significance to explore the regulatory mechanisms underlying atherosclerosis that are mediated by lncRNAs.

The lncRNA 'cyclin-dependent kinase inhibitor 2B antisense noncoding RNA' (CDKN2B-AS1), also named the 'antisense non-coding RNA in the INK4 locus; (ANRIL), is a non-coding RNA, 3.8 kb in length, that is transcribed from the short arm of human chromosome 9 on p21.3 [@bib0014]. Several reports have indicated its association with atherosclerosis and related conditions. A genome-wide association study found the CDKN2B-AS1 gene contains multiple genetic markers for coronary artery disease [@bib0015]. A correlation of CDKN2B-AS1 polymorphisms with the risk of stroke has been documented in European populations [@bib0016]. In addition, CDKN2B-AS transcript levels have been reported to correlate with the severity of atherosclerosis [@bib0017], whilst in a mouse model of atherosclerosis, the blockade of CDKN2B gene expression was found to advance the development of atherosclerotic plaques with large necrotic cores [@bib0018]. Others have demonstrated that CDKN2B knockdown promoted lipid accumulation and accelerated atherosclerosis [@bib0019]. It is known that lncRNAs can form RNA-DNA triplexes in the promoter region of their target gene, thereby exerting important regulatory roles [@bib0020]. The existing literature suggests a probable regulatory relationship may exist between CDKN2B-AS and CDKN2B coding gene. Therefore, we hypothesized that CDKN2B-AS1 can form an RNA-DNA triplex in the promoter region of CDKN2B and thus modulate the progression of atherosclerosis. We thus designed a study to explore the effects of CDKN2B-AS1 and CDKN2B on plaque formation and mRCT in atherosclerosis, with an aim to describe a potential molecular mechanism underpinning atherosclerosis progression.

2. Results {#sec0002}
==========

2.1. CDKN2B-AS1 is highly expressed in atherosclerosis whilst CDKN2B is poorly expressed {#sec0003}
----------------------------------------------------------------------------------------

To evaluate the expression of CDKN2B-AS1 in atherosclerosis, we examined the expression levels of CDKN2B-AS1 at tissue and cell levels by RT-qPCR, and the results showed that the expression of CDKN2B-AS1 in atherosclerotic plaque tissues was higher than that in non-atherosclerotic IMA tissues ([Fig. 1](#fig0001){ref-type="fig"}a, *p* \< 0.05, paired *t*-test), indicating that CDKN2B-AS1 was up-regulated in atherosclerosis. An RNA-FISH assay was performed to identify the expression of CDKN2B-AS1 in atherosclerosis, the results of which showed that CDKN2B-AS1 was expressed at a higher level both in smooth muscle cells and macrophages of plaque tissues than in normal tissues ([Fig. 1](#fig0001){ref-type="fig"}b). Moreover, we found that the expression of CDKN2B-AS1 in THP-1 macrophage-derived and HPM-derived foam cells induced by ox-LDL was higher than in those without ox-LDL induction ([Fig. 1](#fig0001){ref-type="fig"}c and d, *p* \< 0.05, paired *t*-test), suggesting that ox-LDL up-regulated the CDKN2B-AS1 expression in THP-1 macrophages. Since subcellular localization determines the function of lncRNAs, we studied the cellular distribution of CDKN2B-AS1 using RNA-FISH. RNA-FISH in THP-1 macrophage-derived foam cells showed that CDKN2B-AS1 was located in the nucleus ([Fig. 1](#fig0001){ref-type="fig"}e, paired *t*-test). These findings demonstrated that CDKN2B-AS1 is highly expressed in atherosclerosis and is predominantly expressed within the nucleus of THP-1 macrophages.Fig. 1CDKN2B-AS1 is highly expressed and CDKN2B is poorly expressed in atherosclerosis. a, The relative expression of CDKN2B-AS1 in atherosclerotic plaques and non-atherosclerotic IMA tissues determined by RT-qPCR (*n* = 23). b, The expression of CDKN2B-AS1 in atherosclerotic plaques identified by immunofluorescence and FISH assay (CD68, α-SMA: red; CDKN2B-AS1: green) (× 400). c & d, CDKN2B-AS1 expression in THP-1 macrophage-derived and HPM-derived foam cells determined by RT-qPCR. e, The subcellular localization of CDKN2B-AS1 visualized by FISH (× 200). f, The relative expression of CDKN2B in atherosclerotic plaques and non-atherosclerotic IMA tissues determined by RT-qPCR (*n* = 23). g & h, CDKN2B-AS1 expression in THP-1 macrophage-derived and HPM-derived foam cells determined by RT-qPCR. i & j, mRNA expression levels of CDKN2B determined by RT-qPCR. k & l, The expression levels of ABCA1, ABCG1 and CD36 (normalized to β-actin) determined by Western blot analysis. \* *p* \< 0.05 *vs.* the IMA tissues, THP-1 macrophages or the sh-NC group. The data comparisons between two groups were done using a paired *t*-test, whilst data comparisons among multiple groups were done using non-paired *t*-test. The experiments were repeated 3 times, independently. sh-NC, cells transduced with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B-AS1, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B-AS1.Fig 1

It is known that CDKN2B-AS1 is an antisense lncRNA of the CDKN2B gene. In order to study how CDKN2B-AS1 is related to CDKN2B gene, the CDKN2B expression level was detected in tissues and cells using RT-qPCR and it was found that the relative expression of CDKN2B in atherosclerotic plaque tissues was significantly lower than that in non-atherosclerotic IMA tissues ([Fig. 1](#fig0001){ref-type="fig"}f, *p* \< 0.05, paired *t*-test), indicating CDKN2B expression was down-regulated in atherosclerosis. The expression of CDKN2B in THP-1 macrophages induced by ox-LDL was lower than that in THP-1 macrophages without ox-LDL induction ([Fig. 1](#fig0001){ref-type="fig"}g and h, *p* \< 0.05, paired *t*-test), suggesting that ox-LDL down-regulated CDKN2B expression in THP-1 macrophages. The knockdown of CDKN2B-AS1 was found to increase the expression of CDKN2B ([Fig. 1](#fig0001){ref-type="fig"}i and j, *p* \< 0.05, paired *t*-test). In addition, the expression levels of ABCA1, ABCG1, and CD36 were determined and the results revealed down-regulated ABCA1 and ABCG1 and up-regulated CD36 ([Fig. 1](#fig0001){ref-type="fig"}k, *p* \< 0.05, paired *t*-test). These findings demonstrated that a high expression of CDKN2B-AS1 or a low expression of CDKN2B marks atherosclerosis.

2.2. CDKN2B-AS1 promotes lipid uptake and accumulation and inhibits mRCT in THP-1 macrophage-derived foam cells {#sec0004}
---------------------------------------------------------------------------------------------------------------

RT-qPCR was used to determine the transduction efficiency of sh-CDKN2B-AS1 and oe-CDKN2B-AS1. Both treatments of sh-CDKN2B-AS1 and oe-CDKN2B-AS1 resulted in significant changes in the relative expression of CDKN2B-AS1 in THP-1 macrophage-derived and HPM-derived foam cells (Supplementary Fig. 1a, *p* \< 0.05, Tukey\'s post-test), verifying the successful CDKN2B-AS1 knockdown and overexpression.

Western blot analysis showed that overexpression of CDKN2B-AS1 led to significant decrease in ABCA1 and ABCG1, whilst it caused CD36 protein levels to increase significantly. After knocking down CDKN2B-AS1, the ABCA1 and ABCG1 protein levels increased significantly, whereas CD36 protein levels showed a significant decrease ([Fig. 2](#fig0002){ref-type="fig"}a, *p* \< 0.05, Tukey\'s post-test). A Dil-oxLDL uptake assay showed that lipid uptake decreased significantly after CDKN2B-AS1 knockdown, and increased significantly after overexpression of CDKN2B-AS1 ([Fig. 2](#fig0002){ref-type="fig"}b, *p* \< 0.05, Tukey\'s post-test), indicating that CDKN2B-AS1 could promote lipid uptake in THP-1 macrophages. The cholesterol efflux rate was detected using a liquid scintillation counter showing that the cholesterol efflux rate markedly increased after CDKN2B-AS1 knockdown, whereas it significantly decreased after CDKN2B-AS1 overexpression ([Fig. 2](#fig0002){ref-type="fig"}c, *p* \< 0.05, Tukey\'s post-test), demonstrating that lncRNA CDKN2B-AS1 could inhibit the cholesterol efflux from THP-1 macrophage-derived foam cells. Lipid accumulation in cells was detected by oil red O staining. After overexpression of CDKN2B-AS1, intracellular lipid accumulation increased significantly, whereas the knockdown of CDKN2B-AS1 led to its significant decrease ([Fig. 2](#fig0002){ref-type="fig"}d, *p* \< 0.05, Tukey\'s post-test). Concordant with the results of oil red O staining, HPLC demonstrated that the content of TC, FC, and CE increased significantly after overexpression of CDKN2B-AS1, and decreased significantly after knockdown of CDKN2B-AS1 ([Tables 1](#tbl0001){ref-type="table"} and [2](#tbl0002){ref-type="table"}, *p* \< 0.05, Tukey\'s post-test). Taken together, these findings verified that the knockdown of CDKN2B-AS1 inhibits lipid uptake and accumulation in THP-1 macrophage-derived and HPM-derived foam cells, and promotes mRCT.Fig. 2Downregulation of CDKN2B-AS1 inhibits lipid uptake and accumulation in macrophage-derived foam cells, and promotes mRCT. a & b, The expression of ABCA1, ABCG1 and CD36 proteins (normalized to β-actin) in THP-1 macrophage-derived and HPM-derived foam cells determined by Western blot analysis. c &d, Dil-oxLDL uptake of foam cells detected under a fluorescence microscope (× 400). e & f, The cholesterol efflux rates measured using a liquid scintillation counter with ApoAI as the acceptor. g & h, The intracellular lipid accumulation detected by oil O red staining (× 200). \* *p* \< 0.05 *vs.* the sh-NC group. ^\#^*p* \< 0.05 *vs.* the oe-NC group. All the experiments were repeated 3 times independently, and the data comparisons between multiple groups were performed using one-way analysis of variance. oe-NC, cells transduced with LV5-GFP empty vector; oe-CDKN2B-AS1, cells transduced with LV5-GFP-CDKN2B-AS1; sh-NC, cells transduced with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B-AS1, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B-AS1.Fig 2Table 1Contents of TC, FC and CE in THP-1 macrophage-derived foam cells measured by HPLC (μg/mg cell protein).Table 1GroupTCFCCECE/TC (%)sh-NC436.22 ± 13.86181.28 ± 11.35255.58 ± 14.2259.89sh-CDKN2B-AS1286.59 ± 10.38[a](#tb1fn1){ref-type="table-fn"}124.35 ± 11.54[a](#tb1fn1){ref-type="table-fn"}162.35 ± 13.86[a](#tb1fn1){ref-type="table-fn"}64.19oe-NC443.25 ± 13.45178.21 ± 10.35265.34 ± 14.3558.67oe-CDKN2B-AS1635.45 ± 18.33[b](#tb1fn2){ref-type="table-fn"}228.65 ± 15.38[b](#tb1fn2){ref-type="table-fn"}407.53 ± 17.56[b](#tb1fn2){ref-type="table-fn"}56.59[^1][^2][^3]Table 2Contents of TC, FC and CE in human primary macrophage-derived foam cells measured by HPLC (μg/mg cell protein).Table 2GroupTCFCCECE/TC (%)sh-NC436.22 ± 13.86181.28 ± 11.35255.58 ± 14.2259.89sh-CDKN2B-AS1286.59 ± 10.38[a](#tb2fn1){ref-type="table-fn"}124.35 ± 11.54[a](#tb2fn1){ref-type="table-fn"}162.35 ± 13.86[a](#tb2fn1){ref-type="table-fn"}64.19oe-NC443.25 ± 13.45178.21 ± 10.35265.34 ± 14.3558.67oe-CDKN2B-AS1635.45 ± 18.33[b](#tb2fn2){ref-type="table-fn"}228.65 ± 15.38[b](#tb2fn2){ref-type="table-fn"}407.53 ± 17.56[b](#tb2fn2){ref-type="table-fn"}56.59[^4][^5][^6]

2.3. CDKN2B-AS1 modulates THP-1 macrophage-derived and HPM-derived foam cells through CDKN2B {#sec0005}
--------------------------------------------------------------------------------------------

Previous experiments have shown that overexpression of CDKN2B-AS1 inhibits lipid reverse transport in THP-1 macrophage-derived and HPM-derived foam cells. We hypothesized that the role of CDKN2B-AS1 in atherosclerosis may be related to CDKN2B.

RT-qPCR was used to determine the transduction efficiency of sh-CDKN2B. CDKN2B knockdown led to significant changes in the relative expression of CDKN2B in THP-1 macrophage-derived and HPM-derived foam cells ([Fig. 3](#fig0003){ref-type="fig"}a and b, *p* \< 0.05, non-paired *t*-test). Droplet digital PCR to assess CDKN2B expression validated the results of RT-qPCR (Supplementary Fig. 2), indicating that CDKN2B knockdown was efficient.Fig. 3CDKN2B-AS1 plays a role in THP-1 macrophage-derived and HPM-derived foam cells by negatively regulating CDKN2B. a & b, The transduction efficiency of sh-CDKN2B in THP-1 macrophage-derived and HPM-derived foam cells determined by RT-qPCR. c & d, The expression levels of ABCA1, ABCG1 and CD36 proteins in THP-1 macrophage-derived and HPM-derived foam cells (normalized to β-actin) determined by Western blot analysis. e & f, Lipid uptake by THP-1 macrophages and HPMs detected under a fluorescence microscope (× 400). g & h, Cholesterol efflux detected using a liquid scintillation counter. i & j, Lipid accumulation detected by oil red O staining (× 200). \* *p* \< 0.05 *vs.* the sh-NC group; ^\#^*p* \< 0.05 *vs.* the sh-CDKN2B group. All the experiments were repeated 3 times independently. The *t*-test was used for data comparison between two groups, and one-way ANOVA was used for data comparisons between multiple groups. sh-NC, cells transduced with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B; sh-CDKN2B-AS1, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B-AS1.Fig 3

Western blot analysis results showed that CDKN2B knockdown significantly decreased both ABCA1 and ABCG1 protein content in foam cells but increased CD36 protein content, and CDKN2B-AS1 knockdown could reverse the effects of CDKN2B knockdown on ABCA1, ABCG1 and CD36 protein levels ([Fig. 3](#fig0003){ref-type="fig"}c and d, *p* \< 0.05, non-paired *t*-test). Dil-oxLDL uptake assay showed that lipid uptake increased significantly after CDKN2B knockdown, and CDKN2B-AS1 knockdown led to the opposite results ([Fig. 3](#fig0003){ref-type="fig"}e and f, *p* \< 0.05, non-paired *t*-test). The cholesterol efflux rate was measured by a liquid scintillation counter and showed that it markedly reduced after CDKN2B knockdown, which could be reversed by silencing CDKN2B-AS1 ([Fig. 3](#fig0003){ref-type="fig"}g and h, *p* \< 0.05, non-paired *t*-test). Oil red O staining was used to measure intracellular lipid accumulation and it showed that CDKN2B knockdown resulted in a significant increase in intracellular lipid accumulation, which could be reversed by CDKN2B-AS1 silencing. ([Fig. 3](#fig0003){ref-type="fig"}i and j, *p* \< 0.05, non-paired *t*-test). In accordance with the results of oil red O staining, the contents of TC, FC and CE significantly increased upon CDKN2B knockdown, which was inhibited by silencing CDKN2B-AS1 ([Tables 3](#tbl0003){ref-type="table"} and [4](#tbl0004){ref-type="table"}, *p* \< 0.05, non-paired *t*-test).Table 3Contents of TC, FC and CE in THP-1 macrophage-derived foam cells measured by HPLC (μg/mg cell protein).Table 3GroupTCFCCECE/TC (%)sh-NC443.56 ± 21.35176.25 ± 11.37267.38 ± 15.6660.37sh-CDKN2B631.35 ± 30.15[a](#tb3fn1){ref-type="table-fn"}231.58 ± 14.68[a](#tb3fn1){ref-type="table-fn"}400.78 ± 18.59[a](#tb3fn1){ref-type="table-fn"}63.64sh-CDKN2B-AS1 + sh-CDKN2B457.32 ± 13.48[b](#tb3fn2){ref-type="table-fn"}171.25 ± 9.57[b](#tb3fn2){ref-type="table-fn"}286.97 ± 12.33[b](#tb3fn2){ref-type="table-fn"}62.73[^7][^8][^9]Table 4Contents of TC, FC and CE in human primary macrophage-derived foam cells measured by HPLC (μg/mg cell protein).Table 4GroupTCFCCECE/TC (%)sh-NC443.56 ± 21.35176.25 ± 11.37267.38 ± 15.6660.37sh-CDKN2B631.35 ± 30.15[a](#tb4fn1){ref-type="table-fn"}231.58 ± 14.68[a](#tb4fn1){ref-type="table-fn"}400.78 ± 18.59[a](#tb4fn1){ref-type="table-fn"}63.64sh-CDKN2B-AS1 + sh-CDKN2B457.32 ± 13.48[b](#tb4fn2){ref-type="table-fn"}171.25 ± 9.57[b](#tb4fn2){ref-type="table-fn"}286.97 ± 12.33[b](#tb4fn2){ref-type="table-fn"}62.73[^10][^11][^12]

These results indicated that knocking down CDKN2B-AS1 can reverse the inhibitory effects of CDKN2B knockdown on mRCT in THP-1 macrophage-derived and HPM-derived foam cells and the promoting effects on intracellular lipid accumulation. These findings suggest that CDKN2B-AS1 participates in THP-1 macrophage-derived and HPM-derived foam cell development through CDKN2B.

2.4. Downregulation of CDKN2B-AS1 inhibits atherosclerosis *in vivo* {#sec0006}
--------------------------------------------------------------------

To further explore the effect of CDKN2B-AS1 on the progression of atherosclerosis *in vivo*, a mouse model of atherosclerosis was developed. ApoE^−/−^mice were fed with a 10-week high-fat diet to establish an atherosclerosis animal model. We measured the blood lipid level in C57BL/6 J mice and ApoE^−/−^ mice. The results showed that the high-fat induced atherosclerosis mice had notably elevated TC, TG, and LDL contents than the C57BL/6 J mice fed with healthy diet feed (*p* \< 0.05) ([Table 5](#tbl0005){ref-type="table"}, non-paired *t*-test). The results of oil red O staining of whole aorta showed that after high-fat diet induction, the ApoE^−/−^ mice showed obvious atherosclerotic plaques. The lipids in these plaques were evident as red-stained upon oil red O staining. However, no obvious atherosclerotic plaques were found in the C57BL/6 J mice without such induction ([Fig. 4](#fig0004){ref-type="fig"}a, *p* \< 0.05, non-paired *t*-test). The results of HE staining of the aortic arch were similar to those of whole aorta staining. After induction by a high-fat diet, mice presented with thickened vascular wall of aortic arch, accumulated foam cells that were partially ruptured, and obvious atherosclerotic lesions. Control C57BL/6 J mice had no atherosclerosis at the aortic arch and showed normal cell morphology in close and ordered arrangement ([Fig. 4](#fig0004){ref-type="fig"}b, *p* \< 0.05, non-paired *t*-test). Therefore, ApoE^−/−^ mice induced by a high-fat diet exhibited typical atherosclerotic pathological characteristics and were suitable for further study.Table 5The weights and lipid levels of C57BL/6 J and ApoE^−/−^ mice without/with high-fat diet induction (*n* = 10).Table 5MiceWeight (g)TC (mmol/L)TG (mmol/L)LDL (mmol/L)C57BL/6J23.15 ± 2.523.28 ± 0.450.99 ± 0.181.02 ± 0.22ApoE−/−28.50 ± 2.70[⁎](#tb5fn1){ref-type="table-fn"}6.37 ± 0.71[⁎](#tb5fn1){ref-type="table-fn"}2.68 ± 0.32[⁎](#tb5fn1){ref-type="table-fn"}3.56 ± 0.42[⁎](#tb5fn1){ref-type="table-fn"}[^13][^14]Fig. 4Knockdown of CDKN2B-AS1 inhibits atherosclerosis *in vivo.* a, The formation of aortic plaques in C57BL/6 J and ApoE^−/−^ mice detected by oil red O staining. b, The formation of aortic plaques in C57BL/6 J and ApoE^−/−^ mice detected by HE staining of aortic arch (upper: × 100, lower: × 400). c, The expression of CDKN2B-AS1 in aortic plaques in C57BL/6 J and ApoE^−/−^ mice identified by FISH and Immunofluorescence (red fluorescence corresponds to CD68 and green fluorescence corresponds to CDKN2B-AS1) (CD68, α-SMA: red; CDKN2B-AS1: green) (× 400). d, The expression of CDKN2B-AS1 and CDKN2B in macrophages of ApoE^−/−^ mice; \* *p* \< 0.05 *vs.* the C57BL/6 J mice; ^\#^*p* \< 0.05 *vs.* the sh-NC group; & *p* \< 0.05 *vs.* the sh-CDKN2B group. e, Aortic plaque formation in ApoE^−/-^ atherosclerotic mice following different intervention factors, as detected by oil red O staining of the whole aorta. f, Aortic plaque formation in ApoE^−/-^ atherosclerotic mice following different intervention factors, as detected by HE staining of aortic arch (upper: × 100, lower: × 400). g, The serum cholesterol efflux in ApoE^−/-^ atherosclerotic mice following different intervention factors, as detected by a liquid scintillation counter. \* *p* \< 0.05 *vs.* the sh-NC group; ^\#^*p* \< 0.05 *vs.* the sh-CDKN2B group. The experiment was repeated 3 times independently. The *t*-test was used to compare data between two groups and one-way ANOVA was used to compare data between multiple groups. sh-NC, mice injected with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B, mice injected with pSIH1-H1-copGFP-sh-CDKN2B; sh-CDKN2B-AS1, mice injected with pSIH1-H1-copGFP-sh-CDKN2B-AS1; sh-CDKN2B-AS1 + sh-CDKN2B, mice injected with pSIH1-H1-copGFP-sh-CDKN2B-AS1 andpSIH1-H1-copGFP-sh-CDKN2B.Fig 4

To investigate whether CDKN2B-AS1 expression *in vivo* could affect atherosclerosis, ApoE^−/−^ mice were infected with a lentivirus vector for CDKN2B-AS1 knockdown. The immunofluorescence results showed that ApoE^−/−^ mice with atherosclerosis exhibited significantly higher CDKN2B-AS1 expression in endothelial cells and macrophages, but exhibited lower CDKN2B-AS1 expression upon knockdown of CDKN2B-AS1 expression ([Fig. 4](#fig0004){ref-type="fig"}c). Following the isolation of macrophages, it was noted that CDKN2B-AS1 knockdown downregulated CDKN2B-AS1 expression and upregulated CDKN2B expression whilst CDKN2B knockdown downregulated CDKN2B expression but did not significantly affect CDKN2B-AS1 expression ([Fig. 4](#fig0004){ref-type="fig"}d). These results demonstrated that knocking down CDKN2B-AS1 in macrophages inhibited CDKN2B expression *in vivo*.

Using enzymic oxidation process to measure lipid levels, it was seen that CDKN2B-AS1 knockdown caused the levels of TG, TC and LDL to decrease with varying degrees (*p* \< 0.05, Tukey\'s post-test) and after silencing CDKN2B, these levels increased with varying degrees inversely (*p* \< 0.05, Tukey\'s post-test). In ApoE^−/−^ mice, CDKN2B-AS1 knockdown caused the effects of CDKN2B silencing on lipid levels to be reversed (*p* \< 0.05) ([Table 6](#tbl0006){ref-type="table"}, Tukey\'s post-test), suggesting that CDKN2B-AS1 could regulate mRCT in ApoE^−/−^ mice with atherosclerosis and thus control blood lipid levels. Oil red O staining of aorta showed that knocking down CDKN2B-AS1 significantly inhibited atherosclerotic plaque formation, whereas silencing CDKN2B markedly increased atherosclerotic plaque formation. ([Fig. 4](#fig0004){ref-type="fig"}e, *p* \< 0.05, Tukey\'s post-test). HE staining of the aortic arch showed intimal hyperplasia and plaque formation in the valves. Compared with mice injected with pSIH1-H1-copGFP-sh-NC, the relative affected area was significantly smaller in the mice injected with pSIH1-H1-copGFP-sh-CDKN2B-AS1 and, in contrast, was significantly larger in mice injected with pSIH1-H1-copGFP-sh-CDKN2B (both *p* \< 0.05). The effect of CDKN2B knockdown on atherosclerotic lesions in ApoE^−/−^ mice could be rescued by sh-CDKN2B-AS1 ([Fig. 4](#fig0004){ref-type="fig"}f). HPLC showed that knockdown of CDKN2B-AS1 resulted in decreases in TC, FC, and CE levels (*p* \< 0.05, Tukey\'s post-test), whereas silencing CDKN2B resulted in an increase in the lipid content (*p* \< 0.05, Tukey\'s post-test). The knockdown of CDKN2B-AS1 could reverse the effect of CDKN2B knockdown on lipid accumulation in mouse peritoneal macrophages (*p* \< 0.05, Tukey\'s post-test) ([Table 7](#tbl0007){ref-type="table"}). Measuring the cholesterol efflux rate of mouse peritoneal macrophages showed that radioactivity was significantly enhanced by CDKN2B-AS1 knockdown and suppressed by CDKN2B knockdown, where the effect of CDKN2B knockdown was reversed by CDKN2B-AS1 inhibition ([Fig. 4](#fig0004){ref-type="fig"}g, *p* \< 0.05, Tukey\'s post-test). Overall, these results suggested that CDKN2B-AS1 could promote the *in vivo* progression of atherosclerosis in ApoE^−/−^ mice by regulating the expression of CDKN2B and mRCT in macrophages.Table 6The weights and lipid levels of ApoE^−/−^ mice with different treatments of CDKN2B-AS1 and CDKN2B (*n* = 12).Table 6GroupWeight (g)TC (mmol/L)TG (mmol/L)LDL (mmol/L)sh-NC28.14 ± 1.706.98 ± 0.792.61 ± 0.313.93 ± 0.58sh-CDKN2B-AS127.70 ± 0.823.18 ± 0.62[a](#tb6fn1){ref-type="table-fn"}1.61 ± 0.22[a](#tb6fn1){ref-type="table-fn"}2.02 ± 0.49[a](#tb6fn1){ref-type="table-fn"}sh-CDKN2B28.49 ± 1.3113.73 ± 1.17[a](#tb6fn1){ref-type="table-fn"}3.62 ± 0.25[a](#tb6fn1){ref-type="table-fn"}7.33 ± 0.84[a](#tb6fn1){ref-type="table-fn"}sh-CDKN2B-AS1 + sh-CDKN2B28.70 ± 1.347.30 ± 0.90[b](#tb6fn2){ref-type="table-fn"}2.65 ± 0.27[b](#tb6fn2){ref-type="table-fn"}4.14 ± 0.64[b](#tb6fn2){ref-type="table-fn"}[^15][^16][^17]Table 7The lipid accumulation in peritoneal macrophages of ApoE^−/−^ mice with different treatments of CDKN2B-AS1 and CDKN2B (μg/mg cell protein).Table 7GroupTCFCCECE/TC (%)sh-NC489.35 ± 18.22187.46 ± 29.35302.68 ± 28.1561.95sh-CDKN2B-AS1408.23 ± 32.16[a](#tb7fn1){ref-type="table-fn"}146.38 ± 26.37[a](#tb7fn1){ref-type="table-fn"}262.75 ± 33.68[a](#tb7fn1){ref-type="table-fn"}64.66sh-CDKN2B607.35 ± 34.26[a](#tb7fn1){ref-type="table-fn"}233.68 ± 21.33[a](#tb7fn1){ref-type="table-fn"}374.29 ± 35.68[a](#tb7fn1){ref-type="table-fn"}61.85sh-CDKN2B-AS1 + sh-CDKN2B503.46 ± 21.68[b](#tb7fn2){ref-type="table-fn"}189.26 ± 31.28[b](#tb7fn2){ref-type="table-fn"}314.21 ± 27.68[b](#tb7fn2){ref-type="table-fn"}62.52[^18][^19][^20]

2.5. CDKN2B-AS1 regulates atherosclerosis by forming RNA-DNA triplex with CDKN2B promoter {#sec0007}
-----------------------------------------------------------------------------------------

The interaction between CDKN2B-AS1 and EZH2/CTCF has been reported \[[@bib0021],[@bib0022]\]. Therefore, it was inferred that CDKN2B-AS1 might regulate the transcription of CDKN2B in THP-1 macrophages-derived foam cells *via* EZH2 and the molecular mechanism of CDKN2B-AS1 regulation in atherosclerosis was investigated. RT-qPCR showed that GSK343, an EZH2 inhibitor, could upregulate the expression of CDKN2B ([Fig. 5](#fig0005){ref-type="fig"}a, *p* \< 0.05, nonparametric rank sum test). An RIP assay showed that RNA extracted from the protein solution pulled down by EZH2 antibody contained CDKN2B-AS1 detectable by RT-qPCR, and CDKN2B-AS1 knockdown could prevent the binding of EZH2 to CDKN2B-AS1 ([Fig. 5](#fig0005){ref-type="fig"}b, *p* \< 0.05, nonparametric rank sum test), suggesting that CDKN2B-AS1 and EZH2 protein could bind to each other.Fig. 5CDKN2B-AS1 affects atherosclerosis by forming RNA-DNA triplex with CDKN2B promoter. a, RT-qPCR assay for the transcriptional expression of the CDKN2B gene following treatment with GSK343, an E2H2 inhibitor. b, RNA immunoprecipitation assay for the binding of EZH2 to CDKN2B-AS1 relative to IgG. c, RT-qPCR assay for the expression of CDKN2B mRNA. d, ChIP assay for the enrichment of CTCF in the CDKN2B promoter region relative to IgG. e, ChIP assay for the enrichment of EZH2 and H3K27me3 in the CDKN2B promoter region relative to IgG. f, ChIP assay for the enrichment of CTCF and H3K27me3 in CDKN2B promoter region relative to IgG, following treatment with GSK343, an E2H2 inhibitor. g The CDKN2B-AS1 TFO sequence predicted by LongTarget. h, The binding of CDKN2B-AS1 and CDKN2B promoter detected by *in vitro* triplex pull-down assay. i, RNA-DNA triplex formed by CDKN2B-AS1 and CDKN2B detected by EMSA. j, The binding of CDKN2B-AS1 and CDKN2B promoter detected by *in vivo* triplex capture assay. \* *p* \< 0.05 *vs.* the sh-NC, DMSO, oe-control oligo or dGTP group; ^\#^*p* \< 0.05 *vs.* the oe-NC or GSK343 group; ^\#\#^*p* \< 0.05 *vs.* the oe-CTCF group. The experiment was repeated 3 times independently. The *t*-test was used for comparison of data between two groups, and one-way ANOVA was used for comparison of data between multiple groups. sh-NC, cells transduced with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B-AS1, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B-AS1; oe-NC, cells transduced with LV5-GFP empty vector; oe-CTCF, cells transduced with LV5-GFP-CCCTC-binding factor; sh-CTCF, cells transduced with pSIH1-H1-copGFP-sh-CCCTC-binding factor.Fig 5

In order to explore how CTCF modulated the expression of CDKN2B in foam cells, it was overexpressed or silenced. RT-qPCR was used to validate the transduction efficiency, which showed CTCF expression levels were significantly diminished after sh-CTDF treatment and elevated after oe-CTDF treatment (Supplementary Fig. 1c, *p* \< 0.05, Tukey\'s post-test), and there was no significant difference between the sh-NC and oe-NC groups (Supplementary Fig. 1c, *p* \> 0.05, Tukey\'s post-test). These results indicated that CTCF knockdown and overexpression were efficient. Next, RT-qPCR showed that overexpression of CTCF could reduce the transcription of CDKN2B mRNA, which could be reversed by CDKN2B-AS1 silencing. Meanwhile, combined overexpression of CTCF and CDKN2B-AS1 further suppressed transcription of CDKN2B mRNA ([Fig. 5](#fig0005){ref-type="fig"}c, *p* \< 0.05, Tukey\'s post-test). Taken together, these findings demonstrated that CTCF might be involved in the inhibitory effects of CDKN2B-AS1 on CDKN2B. Next, to further explore the regulatory mechanism by which CTCF may modulate CDKN2B, bioinformatic prediction was used to reveal a specific CTCF binding site on the CDKN2B promoter region (gene sequence: TCCCCAGTAGGCGGA). These results led to the conclusion that CTCF might regulate CDKN2B transcription by directly binding to CDKN2B promoter region. The enrichment of CTCF in the promoter region of CDKN2B was detected by ChIP assay, which revealed CTCF recruitment and binding to the CDKN2B promoter region, which was reduced upon knockdown of CDKN2B-AS1 ([Fig. 5](#fig0005){ref-type="fig"}d, *p* \< 0.05, Tukey\'s post-test).

To inquire about involvement of CTCF in the regulatory impact of EZH2 on CDKN2B, a ChIP assay with the use of EZH2 antibody was performed. The results showed that CDKN2B promoter region was significantly more enriched in the EZH2 antibody group than that in the IgG group. CDKN2B-AS1 knockdown could inhibit the recruitment of EZH2 in the CDKN2B promoter region. Moreover, the overexpression of CTCF could promote the recruitment of EZH2 in CDKN2B promoter region, which was inhibited upon knocking down CDKN2B-AS1 ([Fig. 5](#fig0005){ref-type="fig"}e, *p* \< 0.05, Tukey\'s post-test). These results indicated that EZH2 can be recruited into the promoter region of CDKN2B and can be regulated by CTCF and CDKN2B-AS1.

The significant role played by H3K27me3 in the transcription of CDKN2B has been noted [@bib0021]. Since EZH2 can mediate the intracellular expression of H3K27me3, a ChIP assay was used to determine the levels of H3K27me3 in the CDKN2B promoter region. The results showed CDKN2B promoter region was significantly more enriched in the H3K27me3 antibody group than that in the IgG group, which could be reversed by CDKN2B-AS1 knockdown. CTCF overexpression promoted the trimethylation of H3K27me3 in CDKN2B promoter region, which was also significantly inhibited by knockdown of CDKN2B-AS1 ([Fig. 5](#fig0005){ref-type="fig"}e, *p* \< 0.05, Tukey\'s post-test). Next, a ChIP assay was applied to examine the effect of GSK343, an EZH2 inhibitor, on the enrichment of CTCF and H3K27me3 in the promoter region of CDKN2B. The results showed that GSK343 could inhibit the enrichment of H3K27me3 and CTCF in the CDKN2B promoter region ([Fig. 5](#fig0005){ref-type="fig"}f, *p* \< 0.05, Tukey\'s post-test). These findings suggested that EZH2 inhibits the expression of CDKN2B by catalyzing H3K27 trimethylation, which is under the regulation of CTCF and CDKN2B-AS1.

Bioinformatic analysis was applied to explore the interaction of CDKN2B-AS1 with the CDKN2B promoter region. LongTarget site (<http://lncrna.smu.edu.cn>) predicted that TFOs found in CDKN2B-AS1 specifically bound to CDKN2B to form an RNA-DNA triplex structure. We used TFOs located at the end of CDKN2B-AS15′ ([Fig. 5](#fig0005){ref-type="fig"}g, Tukey\'s post-test) to detect the ability of CDKN2B-AS1 to form a triplex structure. *In vitro* triplex pull-down assay showed that CDKN2B produced by streptavidin pull-down in the oe-control TFO group was significantly enriched compared with that in the oe-control oligo group ([Fig. 5](#fig0005){ref-type="fig"}h, *p* \< 0.05, Tukey\'s post-test). In addition, we amplified CDKN2B DNA double strands with 7-deaza-dGTP and mutated triplex target site (TTS) fragments, which significantly reduced the enrichment of CDKN2B-AS1 and the binding affinity of DNA double strands with CDKN2B-AS1 ([Fig. 5](#fig0005){ref-type="fig"}h, *p* \< 0.05, Tukey\'s post-test). The EMSA results showed that the triplex structure was sensitive to RNase A treatment and resistant to RNase H treatment ([Fig. 5](#fig0005){ref-type="fig"}i). Next, we incubated CDKN2B-AS1 TFO wild type and mutant type with ^32^P labeled wild type CDKN2B TTS respectively. The EMSA results demonstrated that the enrichment of CDKN2B-AS1 showed a marked decline in the mutant group ([Fig. 5](#fig0005){ref-type="fig"}i). This suggested that the interaction between CDKN2B-AS1 TFO and the target DNA sequence is not mediated by Watson-Crick RNA-DNA pairing. Therefore, we speculated that CDKN2B-AS1 could combine with CDKN2B through RNA-DNA triplex formation. In order to demonstrate the binding of CDKN2B-AS1 to CDKN2B *in vivo*, we incubated biotinylated CDKN2B-AS1 TFO and THP-1 macrophage-derived foam cell lysates *in vivo* to conduct a triplex capture assay. The results showed that CDKN2B was significantly enriched in CDKN2B-AS1 TFO, but not in the oligonucleotide sequence ([Fig. 5](#fig0005){ref-type="fig"}j, *p* \< 0.05, Tukey\'s post-test). Overall, the above findings demonstrated that CDKN2B-AS1 affects atherosclerosis by forming an RNA-DNA triplex with the CDKN2B promoter region. This mechanism contributes to the enrichment of EZH2 and CTCF in the CDKN2B promoter region, by which the CDKN2B transcription is inhibited.

3. Discussion {#sec0008}
=============

Atherosclerosis, a major cause of death and morbidity related to cardiovascular disease, accounts for a fifth of all deaths worldwide [@bib0023]. LncRNAs have been regarded as important mediators in atherosclerosis development [@bib0024]. In this study, we aimed to explore the possible involvement of CDKN2B-AS1 and CDKN2B in atherosclerosis progression. The results presented here collectively revealed that CDKN2B-AS1 promotes atherosclerotic plaque formation and inhibits mRCT in atherosclerosis.

One of the key findings of this study is that CDKN2B-AS1 was highly expressed in atherosclerotic plaque tissues and HP-1 macrophage-derived foam cells, and promoted the progression of atherosclerosis *in vivo*. Current evidence points to the existence of non-coding RNA such as microRNA [@bib0025] and long non-coding RNA in blood and their participation in regulating circulation. lncRNAs are reported to play a key role in atherosclerosis occurrence, reflected by their functions in atherogenic cells including vascular smooth muscle cells, endothelial cells, and monocytes/macrophages [@bib0026]. The lncRNA CDKN2B-AS, has been associated with atherosclerosis and related events in previous studies. CDKN2B-AS is reported to be highly expressed in atherosclerosis-affected tissues and cells [@bib0027], consistent with our findings. CDKN2B-AS1 transcript expression levels have been shown to directly correlate with atherosclerosis severity [@bib0028]. In a related finding, CDKN2B-AS has been found to regulate genes that are correlated with coronary artery disease, thus acting in an indirect manner [@bib0029]. Other studies have linked CDKN2B-AS genetic polymorphisms with coronary artery disease in Asian patients \[[@bib0030],[@bib0031]\]. The current study was conducted to with a view to elaborate the mechanisms by which CDKN2B-AS1 is engaged in atherosclerosis pathology.

The present study demonstrated that knockdown of CDKN2B-AS1 inhibited lipid uptake and accumulation in ox-LDL induced THP-1 macrophage-derived foam cells, and promoted mRCT. Lipid accumulation, resulting from altered lipid metabolism, underlies the development of atherosclerosis. Reverse cholesterol transport, which aids the transport of accumulated cholesterol transporting from the vessel wall to the liver for excretion can therefore aid in preventing atherosclerosis \[[@bib0032],[@bib0033]\]. Increased ox-LDL level is a leading risk factor for atherosclerosis, whereby intimal macrophages intake ox-LDL and transform into foam cells driving the progression of atherogenesis [@bib0034]. In recent years, mounting evidence suggests lncRNAs can regulate lipid and cholesterol metabolisms \[[@bib0035],[@bib0036]\]. For instance, the upregulation of lncRNA H19 has been found to elevate lipid accumulation in hepatic metabolic regulation [@bib0037]. Akin to our results, knockdown of lncRNA GAS5 was found to reduce the apoptosis of THP-1 macrophages treated with ox-LDL *via* exosomes during atherogenesis, suggesting that silencing of lncRNA GAS5 might be beneficial for atherosclerosis treatment [@bib0038].

We found that CDKN2B-AS1 negatively regulates CDKN2B transcriptional expression via epigenetic histone methylation. LncRNAs are known to control gene transcription, protein translation, and epigenetic regulation in diverse modes [@bib0039]. As previously reported, CDKN2B-AS1 is able to exert trans-regulatory functions by binding to a specific site or sequence, such as E2F transcription factor 1, and CTCF [@bib0040]. In our study, we further expanded upon its mechanism, showing how CDKN2B-AS1 promoted atherosclerosis by involving with CDKN2B *via* a series of bioinformatic predictions and assays. The results revealed that CDKN2B-AS1 promoted CTCF binding to CDKN2B promoter, whilst it inhibited CDKN2B expression by forming a RNA-DNA triplex with CDKN2B promoter and recruiting EZH2 to bind to CDKN2B promoter. LncRNAs usually exert transcriptional control via epigenetic regulation, for example, by forming RNA-DNA triplex that modulates gene expression through diverse mechanisms, such as transcriptional activation or repression [@bib0041]. As previously reported, there are a large number of triplex-forming motifs across the genome and these motifs are inclined to accumulate in the gene-regulatory regions, especially in promoter regions [@bib0020]. Moreover, RNA-DNA triplex formation is considered as a typical feature of target gene recognition by lncRNAs interacting with chromatin. For instance, lncRNA EZH2 shares target genes with MEG3, which is shown to have GA-rich binding sites that guide MEG3 to the chromatin through RNA-DNA triplex formation [@bib0042]. Our results verified RNA-DNA triplex structure as an epigenetic mechanism underlying the regulatory role of CDKN2B-AS1 in atherosclerosis.

To conclude, this study demonstrates that CDKN2B-AS1 is contributory to atherosclerotic plaque formation and reduces mRCT in atherosclerosis by forming RNA-DNA triplex with CDKN2B promoter ([Fig. 6](#fig0006){ref-type="fig"}). Although the presented findings should be validated by future studies, our results suggest a novel molecular target for treatment of atherosclerosis. However, these findings must be viewed in light of limitations, which include the modest clinical sample size and the need to study specific mechanism by which CDKN2B-AS1 forms RNA-DNA triplex with CDKN2B in humans. Additionally, detailed regulatory mechanisms of CDKN2B involvement in lipid uptake and efflux require further exploration.Fig. 6Schematic diagram illustrating the mechanism by which CDKN2B-AS1 regulates atherosclerosis by forming RNA-DNA triplex to mediate CDKN2B. In atherosclerosis, CDKN2B-AS1 can inhibit macrophage reverse cholesterol transport and promote atherosclerotic plaque formation. This occurs by downregulating CDKN2B via RNA-DNA triplex with CDKN2B promoter to transfer CDKN2B-AS1-recruited EZH2 (for methylation of H3K27me3) to the CDKN2B promoter so that CTCF can bind to the CDKN2B promoter.Fig 6

4. Materials and methods {#sec0009}
========================

4.1. Ethics statement {#sec0010}
---------------------

This research study was conducted with the approval of the Ethics Committee of Qingdao Municipal Hospital. All patients participating in the study signed informed written consents and study procedures were compliant with the Declaration of Helsinki. The animal experiment procedures were performed in accordance with strict principles of the Institutional Animal Care and Use Committee of Qingdao Municipal Hospital.

4.2. Study subjects {#sec0011}
-------------------

The current study included 23 patients (14 males and 9 females; mean age: 57.09 ± 13.08 years old) with coronary artery disease who had undergone coronary artery endarterectomy and bypass grafting from April 2016 to December 2017 in Qingdao Municipal Hospital. Endomembrane tissue in the left anterior descending coronary artery with atherosclerosis that was resected during the operation was preserved. The detailed clinical features of enrolled patients are summarized in Supplementary Table 1. Endomembrane tissue in the non-atherosclerotic internal mammary artery (IMA) was obtained from the same patients during the bypass surgery as control. Histopathological analysis of atherosclerosis and IMA was performed to confirm the presence or absence of atherosclerosis, respectively, and coronary angiography was performed to estimate the degree of left anterior descending coronary artery stenosis according to the American College of Cardiology and the American Heart Association classification. Each patient showed at least 50% occlusion. Patients were included if they were diagnosed with coronary heart disease by coronary angiography and chest pain symptoms. Patients were excluded if they had heart failure, renal failure, liver failure, hematological diseases, malignant tumors, diabetes, infectious diseases, or other complications.

4.3. Cell culture, lentivirus packaging, and cell transfection {#sec0012}
--------------------------------------------------------------

Human mononuclear cell line (THP-1, RRID: CVCL_0006) was purchased from the Cell Resource Center, Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences (<http://www.crcpumc.com/pr.jsp?keyword=THP1&_pp=0_312>). Primary human peripheral blood mononuclear cells were obtained through Ficoll density gradient centrifugation from peripheral blood of a healthy volunteer (male, 56 years old) in Qingdao Municipal Hospital [@bib0043]. THP-1 macrophages and freshly isolated monocytes were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium containing 10% fetal bovine serum (FBS; Gibco, Carlsbad, CA, USA) with addition of 100 nmol/L phorbolmyristic acetate (20 μL; Sigma-Aldrich Chemical Company, St Louis, MO, USA) in each well of a 6-well plate in order to allow the THP-1 macrophages and human peripheral blood mononuclear cells to transform from monocytes to human primary macrophages (HPMs). Afterwards, 50 μg/mL oxidized low-density lipoprotein (ox-LDL) was added to the serum-free RPMI 1640 medium containing 0.3% bovine serum albumin (Hyclone-Pierce, USA) for 48 h to induce macrophages into foam cells for subsequent transfection. THP-1 macrophage-derived and HPM-derived foam cells in the logarithmic growth phase were detached with trypsin and dissociated into a 5 × 10^4^ cells/mL cell suspension. The cell suspension was then inoculated into a 6-well plate (2 mL per well) and incubated at 37 °C overnight.

Lentivirus vectors were constructed by Shanghai GenePharma Company (Shanghai, China), including LV5-Green fluorescent protein (GFP) (gene overexpression vector), pSIH1-H1-copGFP (gene silencing vector), CDKN2B-AS1 shRNA, CCCTC-binding factor (CTCF) shRNA, and CDKN2B shRNA. The lentivirus particles overexpressing CDKN2B-AS1 and CTCF alone or in combination, and those containing the shRNAs targeting CDKN2B-AS1, CTCF, or CDKN2B were produced by co-transfection in 293T cells with packaging and envelope plasmids in a RPMI 1640 medium containing 10% FBS. Finally, THP-1 macrophage-derived and HPM-derived foam cells were transfected with the lentiviral particles (1 × 10^8^ TU/mL), at a multiplicity of infection of 1.

4.4. RNA isolation and quantification {#sec0013}
-------------------------------------

The total RNA was extracted from the obtained tissues and THP-1 macrophages lysed by Trizol (Sigma-Aldrich Chemical Company, St Louis, MO, USA). RNA purity and concentration were measured by NanoDrop ND-1000 spectrophotometry (NanoDrop Technologies, Wilmington, DE, USA). Subsequently, the total RNA was reverse transcribed into complementary DNA (cDNA) (20 μL) by using a PrimeScript™ RT Reagent Kit (Takara Holdings Inc., Kyoto, Japan). Next, reverse transcription quantitative polymerase chain reaction (RT-qPCR) was performed using SYBR® Premix Ex TaqTM II reagent kit (Takara Holdings Inc., Kyoto, Japan) on a Thermal Cycler Dice Real Time System Amplifier (TP800, Takara Holdings Inc., Kyoto, Japan). Three replicates were used for each treatment. The primers used are listed in [Table 8](#tbl0008){ref-type="table"}, which were synthetized by Guangzhou RiboBio Co., Ltd. (Guangdong, China). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an endogenous control. Fold changes in gene expression were calculated by means of relative quantification (2^−ΔΔCt^ method). The absolute expression of CDKN2B in cells was determined by droplet digital PCR (Bio-Rad Laboratories, Hercules, CA, USA), performed using manufacturer\'s instructions.Table 8Primer sequences for RT-qPCR.Table 8GenePrimer sequencesCDKN2B-AS1F: 5′-TCATCATCTCATCATCATC-3′R: 5′-TGCTTCTGTCTCTTCATA-3′CDKN2BF: 5′-TCAGTCGGCTTCCGAGGTA-3′R: 5′-GTTGCGTGGTTCAATGCC-3′CTCFF: 5′-GAACCCATTCAGGGGAAAAGC-3′R: 5′-TCGCAAGTGGACACCCAAATC-3′GAPDHF: 5′-ATGGAGAAGGCTGGGGCTC-3′R: 5′-AAGTTGTCATGGATGACCTTG-3′[^21]

4.5. Western blot analysis {#sec0014}
--------------------------

The tissues and THP-1 macrophages were lysed by protein lysis buffer (C0481, Sigma-Aldrich Chemical Company, St Louis, MO, USA) containing protease and alkaline phosphatase inhibitors. Next, the protein was separated by 10% polyacrylamide gel electrophoresis and transferred onto a polyvinylidene fluoride membrane. After being blocked with 5% skim milk for 1 h, the membrane was incubated with Tris-buffered saline Tween-20-diluted primary antibodies at 4 °C overnight, including mouse monoclonal antibody against ATP-binding cassette, sub-family A member 1 (ABCA1) (ab18180, 1:500, Abcam Inc., Cambridge, UK, RRID: AB_10868351), rabbit monoclonal antibody against ATP-binding cassette sub-family G member 1 (ABCG1) (ab52617, 1: 1000, Abcam Inc., Cambridge, UK, RRID: AB_1967155), rabbit monoclonal antibody against CD36 (ab133625, 1:500, Abcam Inc., Cambridge, UK, RRID: AB_2045333) and mouse monoclonal antibody against β-actin (ab6276, 1:1000, Abcam Inc., Cambridge, UK, RRID:AB_2750839). The membrane was then incubated with horseradish peroxidase-conjugated goat anti-mouse immunoglobulin G (IgG) secondary antibody (ab20272, Abcam Inc., Cambridge, UK, RRID: AB_10937171) at room temperature for 1 h. Finally, an enhanced chemiluminescence reagent (Pierce, Waltham, UK) was used to visualize the results, and β-actin was used as an internal control.

4.6. Dil-ox-LDL accumulation assay {#sec0015}
----------------------------------

THP-1-derived macrophages were incubated with 40 μg/mL fluorescent-labeled DiI-ox-LDL (Jingke Chemistry, China) at 37 °C for 24 h. DiI-ox-LDL was removed and the sample was cultured in a normal medium for 24 h. Then the macrophages were fixed with 3.8% (V/V) paraformaldehyde for 15 min. Lipid accumulation was determined by intracellular fluorescence intensity under a fluorescence microscope (Olympus, Tokyo, Japan).

4.7. Detection of cholesterol efflux {#sec0016}
------------------------------------

After transfection, THP-1 macrophage-derived foam cells were incubated with 0.2 μCi/mL \[^3^H\] cholesterol in RPMI 1640 medium containing 10% FBS. When the cell density reached about 85%, the cells were cultured in serum-free RPMI 1640 medium containing lipoprotein for 24 h, followed by a fresh medium of 25 µg/mL apoA-I for 6 h. The cells were detached using scintillation solution, and the radioactivity of \[^3^H\] cholesterol in each sample was detected using a liquid scintillation counter. Cholesterol efflux rate was determined as follows: radiation intensity of culture medium \[countings per minute (cpm)\] / total radiation intensity \[radiation intensity of culture medium (cpm) + radiation intensity of cell lysates (cpm)\] × 100%.

4.8. Oil red O staining of THP-1 macrophage-derived foam cells {#sec0017}
--------------------------------------------------------------

THP-1 macrophage-derived foam cells were cultured in a 6-well culture plate using sterilized coverslips. After treatment, the cells were fixed in 50% isopropanol for 1 min, and stained with oil red O staining solution for 10 min and with hematoxylin for 5 min. Next, 1% HCl was used for color separation. After the color returned to blue, glycerin gelatin was used to seal the cells. The intracellular lipids were viewed as red and the nuclei were viewed as blue when observed under a microscope, Photographs were collected and analysed using an image analysis system.

4.9. High-performance liquid chromatography (HPLC) {#sec0018}
--------------------------------------------------

The protein in the fragmented THP-1 macrophage-derived foam cells was quantified by bicinchoninic acid assay. Next the cell lysates were separately added with 15% potassium hydroxide (KOH) solution and 8.9 mmol/L KOH solution, in order to obtain total cholesterol (TC) and free cholesterol (FC). After that, the cell lysates were added with 6% trichloroacetic acid and centrifuged with a mixture of n-hexane and isopropanol (V/V = 4:1) at 1500 × g for 5 min at 15 °C. The upper organic phase was collected, dried at 65 °C, and centrifuged with a 100 μL mixture of isopropanol, n-heptane and acetonitrile (V/V = 35:13:52). Then, 10 μL of supernatant was collected for HPLC analysis in order to quantify the cholesterol, and cholesterol ester (CE) was hydrolyzed by cholesterol esterase: CE = TC--FC.

4.10. Fluorescence *in situ* hybridization (FISH) {#sec0019}
-------------------------------------------------

FISH was used to assess the expression and distribution of CDKN2B-AS1 in THP-1 macrophage-derived foam cells. The cells were allowed to adhere to coverslips, which was then incubated in a 24-well plate (5 × 10^3^ cells/well) for 24 h. Next, the cells were fixed in 4% paraformaldehyde and added with phosphate buffer saline containing 0.5% Triton X-100. The pre-hybridization solution, lncRNA CDKN2B-AS1 probe, and hybridization solution were added into the cells. The hybridization area on the coverslip was stained with 4′,6-diamidino-2-phenylindole and observed under a laser scanning confocal microscope.

4.11. Chromatin immunoprecipitation (ChIP) {#sec0020}
------------------------------------------

ChIP assay was performed using an EZ-Magna ChIPA kit (17-408, upstate, Merck Millipore, Billerica, MA, USA) essentially according to the manufacturer\'s instructions. DNA fragments of 200--1000 base lengths were immunoprecipitated by magnetic beads coated with 5.0 μg rabbit monoclonal antibody against CTCF (ab70303, RRID: AB_623529), 5.0 μg mouse monoclonal antibody against Histone H3 Lysine 27 Trimethylation (H3K27me3) (ab6002, RRID: AB_2753161), and 5.0 μg rabbit monoclonal antibody against EZH2 (ab191250, RRID: AB_2102432). The fragments added with magnetic beads coated with 5.0 μg rabbit antibody against IgG (ab171870, RRID: AB_10937171) were regarded as a negative control (NC). All antibodies were provided by Abcam Inc. (Cambridge, UK). Finally, in order to quantify the CDKN2B DNA promoter, the DNA was subjected to RT-qPCR using the primer pairs of CDKN2B (5′-CGCATGCGTCCTAGCATCTTTTTG-3′/5′-GAATTCCGTTCAGCTGGGGGCC-3′).

4.12. RNA immunoprecipitation (RIP) {#sec0021}
-----------------------------------

We used the Magna RIP™ RNA-Binding Protein Immunoprecipitation Kit (Merck Millipore, Billerica, MA, USA) according to the manufacturer\'s instructions. The THP-1 macrophage-derived foam cells were prepared in RIP lysis buffer and divided into two parts. One part each was used as input to detect endogenous protein using Western blot analysis and to determine RNA content using RT-qPCR. The RNA-protein complexes were immunoprecipitated using rabbit primary antibody against EZH2 (\#5246, 1: 300, Cell Signaling Technology, Beverly, MA, USA, RRID: AB_2102432) or normal mouse IgG (control, RRID: AB_10937171) at 4 °C overnight followed by addition of 50 mL of Dyna beads G for 1 h at 4 °C. RNA was purified using Tizol-chloroform and subjected to RT-qPCR analysis in order to determine the enrichment of CDKN2B-AS1. Control amplification was carried out on input RNA before immunoprecipitation.

4.13. *In vitro* triplex pull-down assay {#sec0022}
----------------------------------------

A pull-down assay was performed as previously described [@bib0044]. Briefly, the 5′-untranslated region transcription start site (TTS) fragment of the genome CDKN2B was designed, and the PCR products were digested by exonuclease. Next, 100 fmol PCR-fragments were incubated with 1 pmol biotin-labeled CDKN2B-AS1 triplex-forming oligonucleotide (TFO) probe in triplex hybridization solution for 30 min at 37 °C. PCR-fragments without CDKN2B-AS1 TFO sequence served as NC, and that without RNA served as a blank control. RNA-DNA complexes were bound to streptavidin-coated beads at 37 °C for 40 min, washed 3 times with buffer containing 150 mmol/L KCl, 10 mmol/L Tris-HCl (pH 7.5), 5 mmol/L MgCl~2~, 0.5% NP40 and RNasin, and washed once with buffer containing 15 mmol/L KCl, 10 mmol/L Tris-HCl (pH 7.5) and 5 mmol/L MgCl~2~. RNA-bound DNA was eluted with a mixture of 1% sodium dodecyl sulfate, 50 mmol/L Tris-HCl (pH 8), and 10 mmol/L ethylene diaminetetra acetate (EDTA) at 65 °C for 5 min. They were digested with RNase A (50 ng/mL, at 37 °C for 30 min) and protease K (200 ng/mL, at 15 °C for 15 min). Recovered DNA was analysed by qPCR and normalized to input DNA.

4.14. Electrophoretic mobility shift assay (EMSA) {#sec0023}
-------------------------------------------------

The terminal of CDKN2B TSS fragment was labeled with T4-Polynucleotide Kinase (PNK) (\[γ−^32^P\] ATP 5000 Ci/mmol, 10 mCi/mL). The labeling system used was as follows: 1 μL \[γ−^32^P\] ATP, 1 μL T4-PNK, 1 μL 10 × T4-PNK buffer, 300--500 ng CDKN2B DNA, with the addition of sterile deionized water to reach a total volume of 10 μL. Following reaction at 37 °C for 10 min, 1 μL 0.5 mol/L EDTA was added to terminate the reaction. The labeled DNA and the synthesized CDKN2B-AS1 TFO were reacted in 10 μL binding reaction system \[the buffer contained 1 mmol/L MgCl. 0.5 mmol/L EDTA, 0.5 mmol/L dithiothreitol, 50 mmol/L NaCl, 10 mmol/L TRIS-HCl (pH 7.5), and 0.05 mg/mL poly-(dl-dC)\] at room temperature for 20 min. The sample was then added with 4% non-denatured polyacrylamide gel for electrophoresis purposes, followed by radiography at 60 °C with a corresponding blocking band visible through development. The strength of gel bands was quantitatively analysed by Quantity One software.

4.15. *In vivo* triplex capture assay {#sec0024}
-------------------------------------

The *in vivo* triplex capture assay was performed according to Chi et al. [@bib0040]. Nuclei (2 × 10^6^) were isolated from transfected CDKN2B TSS fragments and co-incubated with 8 pmol biotinylated CDKN2B-AS1 TFO probe in a triplex buffer \[10 mmol/L Tris-HCl (pH 7.5), 20 mmol/L KCl, 10 mmol/L MgCl~2~ and 100 U RNAsin\] for 1 h. Control oligo NC group (without CDKN2B-AS1 TFO sequence) and blank group (without RNA) were set up. Excess RNA was removed by centrifugation through 0.88 mol/L sucrose. The nuclei were treated with ultrasound, centrifuged at 10,000 r/min for 5 min, and co-incubated with streptavidin magnetic beads for 40 min. Finally, RNase A and protease K were used to elute the DNA binding to RNA, followed by RT-qPCR analysis and normalization of the results.

4.16. Establishment of apolipoprotein E knockout (ApoE^−/−^) mice model with atherosclerosis {#sec0025}
--------------------------------------------------------------------------------------------

Eighty healthy male ApoE^−/−^mice of specific-pathogen-free (SPF) grade (aged 8--10 weeks, weighing 20--30 g) were selected in order to establish a mouse model of atherosclerosis. Ten healthy SPF male C57BL/6 J mice (aged 8--10 weeks, weighing 20--24 g) were used as a normal control. All mice were purchased from Nanjing Junke Bioengineering Co., Ltd., (Nanjing, Jiangsu, China). After 7 days of adaptive feeding, the ApoE^−/-^ mice were fed with high-fat diet (21% lard and 0.15% cholesterol) for 10 weeks [@bib0045], [@bib0046], [@bib0047], whilst the normal C57BL/6 J mice were fed with normal diet. The model\'s success could be confirmed through observations of the physiological state of mice and tissue structure, similar to a previous study [@bib0048]. After the successful establishment of the ApoE^−/−^ atherosclerosis model, the mice were fed with normal diet for 4 weeks. Three mice died in the process of model induction, and 4 mice did not achieve the requisite blood lipid levels. The success rate of the model was 90.00% (63/70). THP-1 macrophage-derived foam cells at logarithmic growth state were detached by trypsin and dissociated into 5 × 10^4^ cells/mL cell suspension. The prepared suspension was then seeded to a 6-well plate (2 mL per well) and incubated at 37 °C overnight. Next, viral vectors (1 × 10^8^ TU/mL), including sh-NC, sh-CDKN2B-AS1 and sh-CDKN2B-AS1 + sh-CDKN2B, were each delivered into the cells, followed by injection of the virus-infected cells into ApoE^−/−^ mice with atherosclerosis at the 6th week after induction. The infection was carried out twice during the first week (dose: 1 × 10^8^ pfu/100 μL) and once a week during the next 3 weeks (4 weeks in total).

4.17. Specimen collection and treatment {#sec0026}
---------------------------------------

After the mice were anesthetized with 3% sodium pentobarbital, blood samples were collected from the ophthalmic venous plexus. The mice were euthanized after blood collection, following which the whole aorta was separated and fixed with 4% polyformaldehyde solution. The exudate in the abdomen was collected and centrifuged for 5 min at 4 °C at 1500 r/min to remove the supernatant. The centrifuged cells were suspended in pre-cooled RPMI 1640 medium containing 10% FBS and counted. Next, the suspended cells were inoculated in a 6-well cell culture plate and cultured in a 5% CO~2~ incubator at 37 °C for 4 h. The non-adherent cells were washed away whilst the adherent primary macrophages with a relatively high purity were further cultured for 24 h.

4.18. Blood lipid level measurement {#sec0027}
-----------------------------------

TC, TG, and LDL in the serum were measured by an automatic biochemical analyser (AD-VIA-2400, Siemens Ltd., Erlangen, Germany) and biochemical detection reagent (01218LH, Leadmanbio, Beijing, China).

4.19. Oil red O staining of whole aorta {#sec0028}
---------------------------------------

The mice were euthanized by subcutaneous injection of 3% pentobarbital (50 mg/kg). The aorta from aortic arch to the branch of the abdominal aorta and the renal artery was dissected, and then the aorta was opened longitudinally. The aorta was stained with oil red O staining solution for 15 min and immersed in 70% alcohol for 20 min. Finally, the plaque-covered area of the aorta was quantitatively analysed by Image-Pro Plus 6.0 software (Media Cybernetics, Silver Spring, MD, USA). Atherosclerotic plaque was stained in red. Four aorta samples were collected from each mouse. The average plaque area of each sample was calculated.

4.20. Hematoxylin and eosin (HE) staining {#sec0029}
-----------------------------------------

The specimens were gently sliced into 5-μm sections. The obtained sections were then dewaxed routinely with xylene, stained with hematoxylin for 5--10 min, stained in eosin dye for 1--2 min, and observed under an ordinary optical microscope. Images were captured using the ImageJ image processing software.

4.21. Detection of cholesterol efflux from mouse peritoneal macrophages {#sec0030}
-----------------------------------------------------------------------

The aforementioned purified primary macrophages were cultured for 1 day after the addition of 0.2 Ci/mL \[^3^H\]-labeled cholesterol to the liquid medium. The cells were cultured in RPMI 1640 solution containing 25 µg/mL human apoAI for 6 h. The liquid scintillation counting method was used to measure the cpm of macrophages in culture medium labeled with \[^3^H\] cholesterol and in the abdominal cavity of mice, each. The cholesterol efflux rate was determined as follows: \[liquid medium cpm / (mouse peritoneal macrophage cpm + liquid medium cpm)\] × 100%.

4.22. RNA fluorescence *in situ* hybridization {#sec0031}
----------------------------------------------

Human atherosclerotic plaque tissues and non-atherosclerotic internal arterial tissues, as well as the thoracic aorta of ApoE^−/−^ mice was fixed with 4% paraformaldehyde at 4 °C for 12 h, transferred to 30% sucrose solution for 12 h, embedded in Tissue-Tek OCT compound (Miles), and cut into cryo-sections at a thickness of 10 μm. The sections were immersed in pre-hybridization buffer containing 50% formamide, 5 × Denhardt\'s solution, and 5 × saline sodium citrate (SSC) (1 × SSC: 150 mM NaCl, 15 mM sodium citrate, pH 7.0) for 3 h. The sections were then hybridized with CDKN2B-AS1 at 62 °C for 6 h. Slides were washed, incubated in RNase A (20 mg/mL) at 37 °C for 30 min, and then stained with anti-α-smooth muscle Actin (SMA) (ab196919, 1: 100, Abcam Inc., Cambridge, UK, RRID:AB_2753325) or anti-CD68 (ab224029, 1: 1000, Abcam Inc., Cambridge, UK) to show artery smooth muscle cells and macrophages. Slides were finally mounted and observed under an Olympus IX-73 microscope.

4.23. Statistical analysis {#sec0032}
--------------------------

The SPSS 21.0 software (IBM Corp., Armonk, NY, USA) was used for all data analysis. All data were analysed after testing for normality and homogeneity of variance. Measurement data with normal distribution or homogeneity of variance were summarized as mean ± standard deviation; otherwise, they were summarized as median and interquartile range. The relative expression levels in atherosclerotic plaque tissues and non-atherosclerotic IMA tissues were compared using a paired *t*-test, and comparison between the other two groups was performed using an un-paired *t*-test. Data comparisons between multiple groups were performed by one-way analysis of variance (ANOVA) with Tukey\'s post-hoc test. Skewed distribution data were tested by nonparametric rank sum test. A *p* value \< 0.05 was considered to indicate a statistically significant difference.
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[^1]: Note:

[^2]: *p* \< 0.05 *vs.* the sh-NC group.

[^3]: *p* \< 0.05 *vs.* the oe-NC group. All the experiments were repeated 3 times independently, and the data among multiple groups were analyzed by one-way analysis of variance; oe-NC, cells transduced with LV5-GFP empty vector; oe-CDKN2B-AS1, cells transduced with LV5-GFP-CDKN2B-AS1; sh-NC, cells transduced with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B-AS1, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B-AS1; TC, total cholesterol; FC, free cholesterol; CE, cholesterol ester; HPLC, high-performance liquid chromatography; NC, negative control.

[^4]: Note:

[^5]: *p* \< 0.05 *vs.* the sh-NC group.

[^6]: *p* \< 0.05 *vs.* the oe-NC group. All the experiments were repeated 3 times independently, and the data among multiple groups were analyzed by one-way analysis of variance; oe-NC, cells transduced with LV5-GFP empty vector; oe-CDKN2B-AS1, cells transduced with LV5-GFP-CDKN2B-AS1; sh-NC, cells transduced with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B-AS1, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B-AS1; TC, total cholesterol; FC, free cholesterol; CE, cholesterol ester; HPLC, high-performance liquid chromatography; NC, negative control.

[^7]: Note:

[^8]: *p* \< 0.05 *vs.* the sh-NC group.

[^9]: *p* \< 0.05 *vs.* the sh-CDKN2B group. All the experiments were repeated 3 times independently, and the data among multiple groups were analyzed by one-way analysis of variance; sh-NC, cells transduced with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B; sh-CDKN2B-AS1, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B-AS1; TC, total cholesterol; FC, free cholesterol; CE, cholesterol ester.

[^10]: Note:

[^11]: *p* \< 0.05 *vs.* the sh-NC group.

[^12]: *p* \< 0.05 *vs.* the sh-CDKN2B group. All the experiments were repeated 3 times independently, and the data among multiple groups were analyzed by one-way analysis of variance; sh-NC, cells transduced with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B; sh-CDKN2B-AS1, cells transduced with pSIH1-H1-copGFP-sh-CDKN2B-AS1; TC, total cholesterol; FC, free cholesterol; CE, cholesterol ester.

[^13]: Note: TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein.

[^14]: *p* \< 0.05 *vs.* the C57BL/6 J mice. The data between two groups were analyzed by *t*-test.

[^15]: Note:

[^16]: *p* \< 0.05 *vs.* the sh-NC group.

[^17]: *p* \< 0.05 *vs.* the sh-CDKN2B group. All the experiments were repeated 3 times independently, and the data among multiple groups were analyzed by one-way analysis of variance; sh-NC, mice injected with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B, mice injected with pSIH1-H1-copGFP-sh-CDKN2B; sh-CDKN2B-AS1, mice injected with pSIH1-H1-copGFP-sh-CDKN2B-AS1; sh-CDKN2B-AS1 + sh-CDKN2B, mice injected with pSIH1-H1-copGFP-sh-CDKN2B-AS1 and pSIH1-H1-copGFP-sh-CDKN2B; TC, total cholesterol; TG, triglyceride; LDL, low density lipoprotein.

[^18]: Note:

[^19]: *p* \< 0.05 *vs.* the sh-NC group.

[^20]: *p* \< 0.05 *vs.* the sh-CDKN2B group. All the experiments were repeated 3 times independently, and the data among multiple groups were analyzed by one-way analysis of variance; sh-NC, mice injected with pSIH1-H1-copGFP-sh-NC; sh-CDKN2B, mice injected with pSIH1-H1-copGFP-sh-CDKN2B; sh-CDKN2B-AS1, mice injected with pSIH1-H1-copGFP-sh-CDKN2B-AS1; sh-CDKN2B-AS1 + sh-CDKN2B, mice injected with pSIH1-H1-copGFP-sh-CDKN2B-AS1 and pSIH1-H1-copGFP-sh-CDKN2B; TC, total cholesterol; TG, triglyceride; LDL, low density lipoprotein.

[^21]: Note: CDKN2B-AS1, cyclin-dependent kinase inhibitor 2B antisense noncoding RNA; CDKN2B, cyclin-dependent kinase inhibitor 2B; CTCF, CCCTC-binding factor; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RT-qPCR, reverse transcription quantitative polymerase chain reaction; F, forward; R, reverse.
